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Introduction 47 In the long history of coexistence of parasitism and predation, the adaptive genetic 48 mutation are including between hosts and pathogen. While the selective pressure was 49 considered as the main force. So far, two hypotheses of arms race and trench warfare 50 Similarly, the percentages of AVR-Pik/km/kp were 74.5 and 77.0% in Xian/Indica (XI) 138 and Geng/Japonica (GJ) rice growing regions in Yunnan. These findings suggest that 139 Pik loci have different effective use in preventing infections by blast in most rice 140 production areas in Yunnan. a Indicates pathogenicity assay on monogenic line IRBLk-K, IRBLkm-Ts, 152 IRBLkp-K60, IRBLkh-K3 and IRBLks-F5 containing Pik, Pikm, Pikp, Pikh and Piks, 153 respectively. XI and GJ indicates Xian/Indica and Geng/Japonic respectively. (Table 3) . Moreover, the AVR-Pik/km/kp allele sequence assemblies among the 201 169 isolates were predicted to produce 10 functional proteins (Table 3) . Among these 10 170 proteins, amino acid variations were predicted to occur at five positions. Table 2 ), and a haplotype network based on sequence variation was developed (Fig 1) . 230 Four micro-evolutionary clusters of AVR-Pik, AVR-Pikm, AVR-Pikp, and AVR-Pikh 231 were observed among 201 field isolates (Fig 1) . Five original AVR-Pik alleles of 232 AVR-Pik_D (H01), AVR-Pik_A (H02), AVR-Pik_B (H03), AVR-Pik_C (H04), and 233 AVR-Pik_E (H05) were involved in the networks. The isolates of H01, H05, H07, H08 234 and H09 were avirulent to IRBLk-K (with Pik), whereas the isolates of H02, H03, 235 H04, H06 and H10 were virulent to Pik (Table 3 ; Fig 1) . The isolates of H01, H05, 236 H06, H07, H08 and H09 were avirulent to IRBLkm-Ts (with Pikm), whereas the 237 isolates of H02, H03, H04, and H10 were virulent to Pikm (Table 3 ; Fig 1) . The 238 isolates of H01, H07 and H09 were avirulent to IRBLkp-K60 (with Pikp), whereas the 239 isolates of H02, H03, H04, H05, H06, H08 and H10 were virulent to Pikp (Table 3; 240 Fig 1) . The isolates of H01, H02, H03, H05, H06, H07, H08 and H09 were avirulent 241 to IRBLkh-K3 (with Pikh), whereas the isolates of H04 and H10 were virulent to Pikh 242 (Table 3 ; Fig 1) . These findings suggest that there were four distinct stepwise evolved Fig 2) . These results suggest that detour 271 evolution of AVR-Pik loci of M. oryzae were involved during the interaction and 272 co-evolution with the Pik loci of Oryzae in nature. 273 The virulent isolates of H04 and H10 were identified to Pik loci (Pik, Pikm, Pikp, 274 Pikh, Piks) in most of regions, including north-eastern, south-eastern, south-western, 275 and western Yunnan (Table 3-Table 4 ; Fig 1) . These results suggest that the virulent 276 evolution of AVR-Pik loci occurred in most rice-producing regions of Yunnan. 277 The H01, H04, H05, H06 and H10 haplotypes were mainly distributed in XI rice (Table 4) AVR-Pik (Fig 3) . These results showed that the amino acid sequence was conserved in 296 the signal peptide compared with divergent mature protein region of AVR-Pik in M. 297 oryzae. that some Pik alleles has limited effects in these rice production areas. Continued 326 analysis of AVR-Pik alleles in these isolates will help us understand the evolutionary 327 mechanism of AVR-Pik, and to predict the stability and effectiveness of Pik alleles indicate that AVR-Pik has been strongly targeted by hosts. [16] In this present study, 390 we found both the detour and stepwise evolved AVR-Pik alleles-rice Pik alleles 391 interactions and co-evolution (Table 3; present study, we found one major mutation evolution of AVR-Pik allele and seven 400 minor mutation evolution patterns (Fig 2) . The alternative mutation pattern can 401 seemingly convert from avirulence to virulence via seldom mutation, and showed 402 higher efficiency (Fig 2) . These may be due to the strong positive selection pressure 
